Background: The Schö ttle point is commonly used for anatomic femoral tunnel placement during medial patellofemoral ligament (MPFL) reconstruction. This technique has not been previously validated in the skeletally immature patient, in whom femoral tunnel placement may put the distal femoral physis at risk of iatrogenic injury.
After an index patellar dislocation, the rate of recurrence of patellofemoral instability is estimated to be anywhere from 15% to 44%. [2] [3] [4] 12, [14] [15] [16] [17] [18] 31 Reconstruction of the medial patellofemoral ligament (MPFL) has become an option to address patients with recurrent patellofemoral instability. Biomechanical studies have shown the MPFL to be the most important soft tissue restraint to lateral displacement of the patella. 5, 7 In knees with incompetence of the MPFL following patellofemoral instability, anatomic MPFL reconstruction can successfully stabilize the patellofemoral articulation. 6, 13, 23, 24, 26 Traditionally, patellofemoral instability in skeletally immature patients has been addressed with nonanatomic soft tissue and/or bony realignment procedures. However, anatomic reconstruction of the MPFL can be difficult in the pediatric population, as the MPFL femoral attachment lies in close proximity to the distal femoral physis. 9, [19] [20] [21] [22] Nonanatomic reconstruction of the MPFL can result in altered patellofemoral contact pressures and recurrent patellofemoral instability. Specifically, malpositioning of the MPFL femoral attachment has been implicated as a major cause of graft failure and poor patient outcomes. 27, 28 To assist with anatomic placement of the MPFL at the femoral attachment site, Schöttle et al 28 described a radiographic method for identification of the MPFL on lateral radiographic images of the knee. This radiographic landmark, known as the Schöttle point, has been extensively studied in the adult population. 25 However, the Schöttle point has been less studied in the pediatric population. The importance of correctly identifying the Schöttle point is arguably more significant in the pediatric population given the relationship of the MPFL femoral attachment to the distal femoral physis. 9, 19, 29, 30 Iatrogenic injury to the distal femoral physis could potentially result in limb length discrepancy or angular deformity of the lower extremity.
The purpose of this study was to evaluate the interobserver and intraobserver reliability of the Schöttle point as a radiographic landmark for the femoral attachment of the MPFL in the pediatric population. We hypothesized that interobserver reliability would be higher in adult knees compared with pediatric knees.
METHODS
This study was approved by the Cleveland Clinic Institutional Review Board. We identified true lateral radiographic images from 20 pediatric and 10 adult patients for this study. Radiographic images were obtained at random by reviewing the electronic medical record for true lateral images in both adult and pediatric patients presenting for outpatient orthopaedic evaluation for knee complaints. Patients were included if lateral radiographs were in neutral rotation, defined by perfect supposition of the femoral condyles, and had open growth plates (for our pediatric cohort). Patients were excluded if the lateral radiographic images were inappropriately rotated or if there was radiographic evidence of either osseous deformity or prior surgery.
The lateral radiographic images were distributed to 6 observers of varying clinical experience to perform clinical measurements. These included 2 fellowship-trained sports medicine specialists (L.D.F., S.G.K.), 1 fellowship-trained pediatric sports medicine specialist (P.S.), 1 orthopaedic sports medicine fellow (K.L.H.), a second-year orthopaedic surgery resident (U.G.O.), and a second-year medical student with an interest in orthopaedic surgery (C.L.W.). The set of 30 radiographs were given to each individual in a random order. Each reviewer was also given the original article from Schöttle et al 28 describing the technique for identifying the MPFL attachment site on lateral radiographic images. We requested each reviewer to draw all of the landmarks as described by Schöttle et al 28 to determine the location of the MPFL femoral attachment site ( Figure 1 ). Each reviewer then placed a mark at the estimated site of the MPFL femoral attachment sight ( Figure 2 ). Each reviewer assessed and marked the same 30 radiographs approximately 1 month after completion of the initial measurements. The radiographs were distributed in a different order to promote further randomization. To determine interobserver reliability, we constructed an overlay of each reviewer's estimated site of the MPFL femoral attachment. Once all points were displayed in a composite fashion, a true-fit circle was constructed to include all points as described by Schöttle et al 28 ( Figure 2 ). A true-fit circle implies that the smallest possible circle that included all points was used. The diameter of the true-fit circle was then measured to determine test-retest variability between observers. This was repeated for all 30 radiographic images. Intraobserver reliability was determined by measuring the distance between points made by each observer on repeat measures ( Figure 3 ). We used a paired Student t test for all statistical analysis. The P value was set at a significance level of .05. 
RESULTS
The mean age of our participants was 10 years for those with pediatric knees and 18.5 years for those with adult knees. When we evaluated the true-fit circles for interobserver reliability, the diameter of our true-fit circles averaged 6.8 mm in the pediatric knees and 9.0 mm in adult knees, indicating greater variability between observers in adult knees (Table 1) . This was a significant difference (P ¼ .004). With repeat measurement, true-fit circle diameter averaged 7.3 mm and 9.8 mm in pediatric and adult knees, respectively (P ¼ .0001) ( Table 1) . With respect to intraobserver reliability, femoral tunnel placement variance on repeat measures averaged 2.3 mm in pediatric knees (range, 1.9-2.9 mm) ( Table 2 ) and 2.9 mm in adult knees (range, 1.9-4.0 mm) ( Table 3) . This difference was not significant (P ¼ .14).
DISCUSSION
Recurrent patellar dislocations can become a significant issue for patients who cannot tolerate symptomatic instability. In patients with relatively normal bony anatomic structure and alignment, reconstruction of the medial patellofemoral ligament has become a popular option to restore patellofemoral stability. The importance of the MPFL is its function as a checkrein during the first 30 to 40 of knee flexion to guide the patella into the trochlear groove. 1, 8 Injury of this ligament has been implicated in recurrent patellofemoral instability. 23 Successful anatomic reconstruction of the MPFL requires accurate identification of the native MPFL attachment sights. The MPFL femoral attachment lies along a bony ridge that is situated on the medial aspect of the distal femur between the adductor tubercle and the medial epicondyle. 9 The femoral attachment of the MPFL also has an intimate relationship The diameter of the true-fit circle encompassing all 6 observer markings was measured for 10 adult and 20 pediatric images. with the distal femoral physis. 9, 29, 30 Farrow et al 9 demonstrated that the MPFL femoral attachment is situated just distal to the medial aspect of the distal femoral physis. Due to its close association to the distal femoral physis, the growth plate is at risk during placement of the femoral tunnel during MPFL reconstruction in the pediatric patient. To add to the difficulty of safe anatomic femoral tunnel placement, the distal femoral physis has an undulating pattern, making interpretation of this structure difficult when lateral radiographic images are viewed.
To assist with anatomic reconstruction of the MPFL, Schöttle et al 28 described a technique for identifying the femoral attachment site of the MPFL on a lateral radiographic image. The Schöttle technique has been widely used in the adult population; however, use of this technique is more difficult in the pediatric patient. The aim of the present study was to evaluate the Schöttle technique of locating the distal femoral attachment in the pediatric population and comparing that with an adult control group.
The principal findings of our study demonstrate that the interobserver reliabilities for both pediatric and adult groups were significantly different at both time points. The intraobserver reliability showed no significant difference. We hypothesized that interobserver reliability would be better when the Schöttle technique was used in skeletally mature individuals. We believed that the presence of the distal femoral physis on the lateral radiographic image would influence where markings were made when the Schöttle technique was used. Furthermore, the osseous landmarks in the pediatric knee are not always as distinct as those found in the adult patient. Specifically, the point where the Blumensaat line intersects the posterior femoral cortex is sometimes less distinct in pediatric knees than in adult knees. In addition, the point where the posterior femoral condyle meets the posterior femoral cortex is often not distinct, as this is near the posterior aspect of the distal femoral physis on a lateral radiographic image. These radiographic landmarks are integral when the Schö ttle technique is used. Based on the results of our study, presence of the distal femoral physis may actually assist with lesser variability in femoral tunnel placement between observers when using the Schö ttle technique. Due to recent descriptions of the relationship of the MPFL femoral attachment to the distal femoral physis, observers may be more likely to err toward more consistent placement of the MPFL femoral tunnel, as it is understood that this point is always distal to the physis. 9, 29, 30 Conversely, variability was much less for each observer when using the Schöttle technique. It can be assumed that one generally uses the same landmarks from measurement to measurement and thus the intraobserver reliability is less susceptible to retest variability. The variation in our interobserver measurements can be associated with how each individual interprets the landmarks needed to identify the Schöttle point. For example, the anterior and posterior variance of femoral tunnel placement is related to the posterior cortical line. We did not standardize the amount of the femoral shaft that was included in the radiographs. Proximal-to-distal orientation is related to where the femoral condyle meets the posterior cortex of the femur. This can be affected by rotation of the radiograph if a nonperfect lateral image is used. We tried to eliminate this variable by using only perfect radiographs. Each observer may interpret differently the location of the transition point between the posterior condyle and the posterior femoral cortex, which might certainly have accounted for the interobserver differences and the intraobserver consistency ( Figure 4) . Additionally, the posterior-most extent of the Blumensaat line is used to confirm proximal-distal placement of the femoral tunnel. The morphological appearance of this area has been shown by Farrow et al 10 to differ on lateral radiographic images. These authors showed that the Blumensaat line can have an indistinct appearance in certain individuals. This could also have accounted for the variations in inter-and intraobserver reliability.
Our study has several weaknesses. Because this was a pure radiographic study, we could not reference accuracy as it relates to the anatomic footprint of the native MPFL, but this was not the intention of this study. Our purpose was to evaluate the reproducibility of the Schöttle technique in pediatric versus adult knees. We also did not assess the relationship between tunnel location and the distal femoral physis, as we did not want the presence of the physis to influence where each reviewer placed the mark for the femoral tunnel. Last, we did not determine inter-and intraobserver reliabilities for the lines used to determine tunnel position. No standardized method exists for line placement with respect to the length of the lines or the angle at which the lines are placed. As such, it would have been difficult to accurately analyze test-retest reliability when there are so many variables (ie, linear distance and line angulation).
In conclusion, the Schö ttle point is a reasonable technique to identify the correct placement of the femoral tunnel for MPFL reconstruction. This technique is reproducible in the adult population both within the same observer and between different observers. This is the first study evaluating the inter-and intraobserver reliabilities of the Schöttle technique in the pediatric population. Care should be taken when using the Schö ttle technique for placement of the MPFL femoral tunnel in pediatric patients to avoid iatrogenic injury to the distal femoral physis. The Schö ttle technique can be a useful tool for approximation of femoral tunnel placement in the pediatric knee. However, fluoroscopy in both the anteroposterior and lateral planes should be used as another check to confirm that the femoral tunnel is appropriately placed so as to prevent injury to the distal femoral physis.
